Abstract. The purpose of this study is to enhance control capability of river water quality and environment by developing algal bloom monitoring technology using Unmanned Aerial Vehicle. The study acquired remote sensing data using UAV on the midstream area of Nakdong River, one of four major rivers in South Korea. The study also conducted water quality analysis and spectral reflectance measuring in the field to identify emergence aspect of phytoplankton in waters of the river and to induce algal bloom detection index equation through wavelength mixing of sensors. It is expected that when this remote water quality and pollution monitoring technology is applied in the field, it would be able to improve capabilities to deal with the river water quality and pollution at the early stage.
Introduction
Algal bloom has continuously been occurring from the past to the present, but with the rise of water temperature and pollution in the water environment, the frequency and severity is increasing even more [1] [2] [3] [4] [5] . Such massive reproduction of algae causes negative effects on use of water resources, including unpleasant taste and smell, impure water, and death of fish due to lack of oxygen in the water [6] . In Korea, water pollution caused by algal bloom has currently been bringing serious anxiety of people over safety of water supply sources and it is now being recognized as a national issue [7] [8] [9] . Therefore, in order to address the anxiety of people over use of drinking water and to supply stable water resources by securing clean water sources, it is urgently needed to develop technologies preventing water pollution caused by algal bloom. Furthermore, it is important to enhance capabilities to deal with emergence and distribution of algal bloom preemptively through regular forecasting and effective monitoring activities.
2
Materials and Methods
Study Site
Nakdong River locates at the southern east part of the Korean Peninsula and is the second largest river in Korea with length of 521.5 km and size of 23,717 km 2 [10] . Total quantity of Nakdong River is 385 tons per year, and 9.5 billion tons (24.7%) of water for use (industrial, agricultural, living and drinking purposes) are supplied to big cities converged with major industries and population such as Busan and Daegu Metropolitan Cities [11] . In the midstream and downstream where these big cities locate, water pollution is frequently occurring due to increased inflow of sewage and aggravation of eutrophication [12] . The present study targeted the midstream area of Nakdong River, in which all the administrative districts of Daegu Metropolitan City are located with high dependency of water resource uses and with frequent occurrence of algae related water pollution. Among the midstream areas of Nakdong River, the selected site for the study is Dodong-ri, Guji-Myeon, Dalseong-gun, Daegu, which was covered by Korean media several times due to the frequent occurrence and severity of algal bloom.
UAV Image acquisition and processing
Adequate flight planning for UAV is a very important part to acquire high quality data to meet the purpose of using the vehicle [13] . In this study to monitor algal bloom in the river, mission parameters for the photographic flight of UAV were established as follows: flight height -400 m (ground resolution: 4 cm/pixel), single flight time -within 20 minutes, Flight strip -rectangular route (11 line). To generate orthomosaic images of the photographed area, the camera was set as follows: pixel size -1.86 ㎛, focal length -4.4 mm, lateral overlap -75%, longitudinal -70%. The actual monitoring of Nakdong River water area of Dodong-ri, Guji-Myeon, Dalseonggun, Daegu was conducted two times on July 29 th and August 18th 2015 when high severity of algal bloom continued since the first observation on June 10 th 2015 by the media [14] . As eBee is made of EPP foam material and has a light weight of 0.69 kg, it is not possible to mount 2 sensors at the same time for a long flight. For this reason, the researcher mounted S110 RGB and NIR separately for each time of monitoring to acquire image data. In order to conduct monitoring of the river's reservoir area including the surrounding areas in a single flight, 57 photographing stations were required, and individual images with 4,000 (width) × 3,000 (height) pixels were acquired.
Water Quality Exam and Field Measurement of Spectral Reflectance
To identify emergence aspects of phytoplankton in the reservoir area of the river photographed by UAV and to examine the results of image detection by integrating the sensors' wavelength band mixing, the researcher conducted field investigation and quantity analysis of 18 sites on July 29 th 2015. And the researcher conducted field spectral reflectance on reservoir area of the river using spectroradiometer to investigate algal bloom within the images generated from wavelength band mixing of UAV sensors.
Results

Image Detection Results using Algal Bloom index
This study attempted to develop algal bloom detection index equation by applying the method of algal bloom detection of water surface using artificial satellite [15] . When we examine the features of reflectance, the water surface in clear condition shows reflectance of 0.03 to maximum 0.1 in the range from Blue band to NIR band, and the reflectance by channels does not show significant difference. However, in the case of algal bloom water, within the visible light, it showed the low peak in Red band and showed the reflectance not lower than 0.3 in NIR band. Therefore, this study considered wavelength band of sensors mounted on UAV and drew Equation (1) by using the ratio of 660nm showing the low peak reflectance and 850nm showing the high peak.
However, as the absolute value of the reflectance is not high, there's some limitation in the distinction between the conditions of clear water and algal bloom. Thus, by making the difference of the index values bigger, the study attempted to make this distinction more precisely and induced Detection Index (Equation (2)) by calculating Red band (625 nm) with bigger difference between the reflectance of clear water and algal bloom.
The applied date was July 29 th 2015 when unmanned aerial photographing, water collecting in the field and measuring of spectral reflectance were conducted at the same time. Except for the water surface, the land areas are inactivated, and the values of detected results are indicated in the form of index from 0 to 1 with no unit. The result of comparing Algal Bloom Detection Index and standing crops at each water collected site mentioned that the quantity of algae was smallest in D-15 with 23,230 cells/mL. The index value was 0.195 and indicated by red pixel. On the other hand, in D-10 with the largest quantity of algal emergence with 2,273,800 cells/mL, the index value was 0.95 and indicated by green pixel. Therefore, it can be considered that the severity of algal bloom emergence is higher at green than red.
